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The interim thesis deals with the determination of the 
temperature distribution o: a plasma ;et operatinp on argon. 
It is the purpose of this thesis to nresent in detail the 
experimental process used and make a correlation of the ex-
perimental and theoretical results. 
A copper enclosure was placed around the nrotruding 
flame. and the .embedded thermocouple readings were taken and 
recorded. A stagnation temperature probe was inserted in 
the enclosure and moved both axially and transverselv toward 
the flame taking readings at each pre-chosen interval. The 
exit temperature of the jet was obtained from a total enerF?'Y 
balance. 
From the embedded thermocouple readings a temperature 
distribution was plotted, and it was observed .that the 
principal mode of heat transfer in the jet portion of the 
enclosure was radiation. With this information an energv 
balance was performed from which the estimated temperature 
distribution of the ionized gas was substantiated within 
12.5%. This deviation is based on energy considerations. 
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INTRODUCTION 
The electric arc is a self sustained discharge havinp 
a low voltage drop and capable of sunportinp larpe currents. 
The gas temperature of a low nressure arc is never more than 
a few hundred degrees while the electron temnerature as 
determined by probes, mav be as high as 40,000°K. (7) By 
electron temperature lS meant the temperature of the ionized 
gas also referred to as a "plasma". It must be pointed out 
here, however, that in most nlasma generators to date the 
gas temperature is not sufficiently high to produce an ap-
preciable ionization rate. (5) It is the purnose of this 
thesis to present the work comnleted at the Universitv of 
Missouri at Rolla in the olasma generator field. 
This thesis however is limited to plasma generation in 
the existing arc jet of the University of Missouri at Rolla. 
The temperature for the plasma iet to be discussed ranges 
from 3000°R at the flame tio to ll,l00°R at the nozzle exit 
while exhausting to atmospheric oressure. 
Although many plasma generating facilities are being 
used in research it is generally safe to sav that no two 
facilities are alike. Because of this, the generating aP-
Paratus used will be discussed in detail in later sections. 
The following thesis deals with the determination of 
the temperature distribution of the ionized portion of the 
plasma jet. After this distribution was found, an energy 
2 
balance was made and the results are shown herein. It 
should be pointed out here that the principal mode of heat 
transfer considered was radiation and reasons substantiating 
this decision will be given later in this thesis. In any 
research project, cost is an important and very often a 
determining factor, therefore it was the ourpose of the 
author to complete the aforementioned research with the 
minimum of cost, but with the maximum of accuracy. 
REVIEW OF LITERATURE 
A plasma ~s formed when the current dissipated on the 
surface of an arc is preater than can be removed bv radia-
tion and conduction (1). 
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In the past two decades much emphasis has been afforded 
to the develo?ment of apparatus which would penerate 
plasmas. Not only is their use as hi~h temperature devices 
of great importance but also their use as a low thrust space 
engine is being investigated to great lengths by most of the 
aircraft and space centers of the world. It was not, how-
ever, until 1956 that Purdue University started workinp on 
a plasma facilitv, and not until 1958 that McDonnell Aircraft 
Corporation (2) initiated its "in house" Plasma Phvsics 
Research Department. So it can be seen that even thoup.h 
electric arcs have been in use as early as the beginning of 
the century, it has not been until the 1950's that substan-
tial research has been undertaken. 
Northwestern Universitv (3) has published much informa-
tion concerning the characteristics of a "plasma" includinp.: 
the very evasive nroblem of ionization. Oak Ridge National 
Laboratory (4) has recently undertaken to studv the thermal 
ionization of argon alone. 
\~illiams (5) supplied the performance characteristics 
and the guideline operation of the present plasma facility 
in the Mechanical Engineering Laboratory of the University 
4 
of Missouri at Rolla. 
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DESCRIPTION or APPARATUS 
The extreme temperatures realized in nlasma facilities 
rule out most of the conventional measurement techniques. 
The reasons are manv. '~='irst, a T)lasma consists of neutral 
atoms, electrons, and charped ions. Second, nlasmas are not 
in thermal equilibrium. Third, any measurements of the 
plasma must be made realizinp that the medium is electrical-
lv conductinr,. Fourth, the hiph temperature of the plasma 
stream determines the choice of materials to be used. 
Fifth, most facilities have high velocitv and turbulent flow 
which make measurements difficult. Sixth, nrobes in the 
stream will disturb the flow pattern. 
Taking the aforementioned into consideration, the fol-
lowing eauipment was used to simulate thermallv severe con-
ditions of which measurements could be made. 
Vortex Stabilized Generator. 
The outer shell of the nlasma penerator consists of a 6 
inch diameter steel cylinder (fipure 1) with a 0.50 inch 
steel plate welded to the rear. The face plate and water 
jacket consists of a 0.375 inch steel nlate, a 4 inch diam-
eter steel cvlinder and a 0.25 inch nlate assembled as 
shmvn. The cathode was made of tungsten and press fitted 
into a 1 inch diameter conner tube. The water jacket for 
the cathode is made of steel and nlaced over onlv the nor-
tion of the cathode inside the nlasma housinp. To electri-
Figure 1. Overall View of Plasma Generator 
A.- Copper Tube 
B - Vortex Generator 
C - Plasma Generator Housinp 
D - Nozzle Water Jacket 
E - Cathode Water Jacket 
r - Insulating Transite 
G - Tungston Cathode 
H - Anode Nozzle 
6 
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callv insulate the cathode and vortex penerator, transite 
was used. The vortex generator consisted of a 4 inch diam-
eter steel nipe with 2 tangential slits 1.5 inch lonp and 
0,03125 inch thick. The anode nozzle was made of conner 
with .125 inch wall thickness and converQinp ~rom a dianeter 
of 0.9 inch to 0,250 inch. The cathode was nositioned the 
desired distance from the anode nozzle bv the cathode nosl-
tioner and locking mechanism nlaced at the end of the conner 
tube. 
The length of the generator housing is 9 inches with 
the length of the conner tube being the same. 
Water Cooling System. 
Both the anode nozzle and the tungsten cathode were 
cooled by water. (Figure 2), The cooling liquid was 
brought through an inlet manifold bv the wav of 3/8 inch 
diameter rubber hose to 1/4 inch cooper tubes in the nozzle 
faceplate. Four tubes were used for inlet and four other 
tubes carried the heated water to the exit. The cathode was 
cooled by bringing water in the end of the conper tube and 
exiting it through the cathode water jacket and out four 
small tubes. 
Cas Supnly System. 
The argon source was a storage bottle with a regulator 
giving both the storage pressure and the immediate line 
pressure. As shown in Fip,ure 3 the argon passed through a 
throttle valve by which the flow rate was regulated. It 
then passed through an orifice flow meter before entering the 
Inlet 
F'i gure 2. 
A - Inlet Thermocouples 
B - Outlet Thermocouples 
C - Nozzle Rotameter 
D - Cathode Rotameter 
E - Nozzle Inlet Manifold 
~L L 
Cooling Water Svstem 
F - Nozzle Water Jacket 
G - Nozzle Outlet Manifold 
H - Cathode Water Jacket 






Fi~ure 3. ~as Sunnlv Svstem 
A - Argon Storage Bottle 
B - Pressure Regulator 
C - Throttle Valve 
D - Pressure Gauge 
E - Orifice Flow Meter 





generator housing in two different nositions to aid in the 
generating of a vortex. After enterinp the penerator hous-
ing it passed through the tangential slits of the vortex 
generator and out the anode nozzle. A rubber hose was used 
between the flow meter and the renerator to electrically 
insulate the system. 
Electrical System. 
The electrical newer was sunnlied bv the JiDtor p me rater 
set in the Mechanical Engineering Laboratorv of the 
University of Missouri at Rolla. Direct current was used to 
help in the stability of the arc because of the small arc 
resistance. The aforementioned unit is capable of supnlving 
320 amneres at a constant voltage of 250 volts. 
To avoid instabilitv as much as possible the incornora-
tion of a ballast resistance as shown in Fi~ure 4 was used. 
The constant voltage connected directly to the cathode 
and anode would have facilitated a larpe chanp,e in current 
with only a slight chanpe in arc resistance. 
The resistance bank in the laborator~r was used as the 
ballast resistance. It could be varied froM 0.1 to 1.1 
ohms. The use of the ballast bank will now be illustrated. 
Using Fipure 4 9 the sum of the potentials around the 
circuit is equal to zero. 




Fipure 4. Electrical Sunply Svstem 
A - Motor ~enerator Power Suoolv 
B - Circuit Breaker · · -
C - Plasma ~enerator 
D - Voltmeter 
E - Ammeter 




Vmg : Output voltage of motor generator (volts) 
I = Current (arnns) 
R = Resistance of ballast (ohms) 
V = Arc voltage (volts) 
In order to understand the function of the ballast 
resistance more clearly, consider an open circuit. 
Since I = 0 the previous equation reduces to 
\4, - v =- 0 
12 
or the voltage across the anode-cathode gap is equal to the 
motor generator voltage. 
Now by considering a short circuit across the anode-
cathode gap the voltage potential would be zero or by rear-
ranging the above equation 
or 
v~ = IR. 
I: v.., 
R. 
The above can now be more readily realized on the arc 
voltage arc current graph illustrated in Figure s. 
Enclosure and Probe 
The enclosure consisted of a 2 inch diameter copper 
tube 1/16 inch thick surrounded by a transite tube with an 






Figure 5. Arc Voltage-Arc Current Granh 
The theoretical load line for the nlasma 
generator is as shown. It is noted that when 
the ballast resistance ig decreased the slorye 
of the load 1 ine changes, resulting i.n a. 
lar~er arc current for a given arc voltape. 
1 3 
14 
secured to a l/4 inch transite nlate bv Sauereisen Adhesive 
canable of withstanding up to 2000°F. To obtain the tempera-
ture distribution, chromel-alumel thermocounles were placed 
(Figure 6) at various distances from the iet exit in the 
transite cover and into the copper, but not entering into 
the stream. In order to insure the reading of onlv one 
thermocouple and not the entire bank connected hv the copner 
the use of two switches was incorporated, one to select the 
correct bank and the other to select the narticular thermo-
couple. 
The probe consisted of a platinum - Platinum 10% rhodium 
thermocouPle nlaced in a ceramic shield and secured to a 
nositioner which allowed for accurate movement in and out, 
up and down, and to the right and left. The sensing end of 
the thermocouple was placed ~gainst the somewhat larger 
ceramic shield to insure a more accurate reading of the 
stagnation temperature. The probe is shown in Fipure 7. 
Connections. 
In Figure 8 the generator connections mav be observed. 
The hoses running to the facenlate, and copner tubes are the 
cooling inlet and outlets. The gas inlet can be observed as 
the onlv tube entering the housing. The electrical connec-
tions are those adhered to both the copper tube and the face-
plate. The therrnocounles were connected to the transite 
enclosure at pre-chosen intervals. The argon pressure tans 
in the housing and in the vortex generator can be seen enter-
15 






FiauN 7. Ph te ef PN • an A4juatint Mech&nism . 
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Fi ure • Ph t f P1a ma Jet 
On Tabl : 
Pot ntiomet r - H n yw 11 H el N 2745 
Thermocou le Switch - Whe 1c M d 1 320 
On St nd: 
Recordin Potenti met r - H neywell M el No KSY153 x 18 
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ing the top and front of the generator oroper. The pressure 
taps were placed in position to record the Pressure drop 
across the tangential slits. 
Instrumentation. 
In Figure 9 one can observe the instrumentation used to 
determine the operating characteristics of the Plasma stream. 
Cooling flow rates were obtained with the use of two 
rotameters which were previously calibrated. An ammeter 
and voltmeter were used to determine the arc power while the 
voltmeter of the motor generator panel board was used to 
read the motor generator voltape. Argon flow was determined 
with the help of a calibrated orifice flow meter and the 
pressure upstream of the orifice and the pressure differen-
tial across the orifice given by a Bourdon tube pressure 
gauge and a water manometer respectivelv. 
The temperatures desired were obtained bv the use of a 
recording potentiometer, a small scale D-C voltmeter, and a 
potentiometer. Two Bourdon tube pressure gauges were used 
to record the Pressure of the argon in the housing and in 






Fi ure 9. Phot of Instruaent Panel 
Pre ure Re ulater - AIRCO-D Style No. 490 
From Left to Ri ht n Panel: 
Nozzle I tameter - St bl-Vis Serial No 59-1251/1 
Cath e R tarneter - r ks Serial N 57 6-1 
Mercury Manometer - Meriam Instrument C mpany 
Water M nometer - Meriam M del N 10 A 10 
Up tream Pressure Gauge - L b ratory Test Gauge 
Fr nt Pressure Gauge - Marsh Type 103 
C Ammeter - Style WG 41534-3 
Fr m Left to Ri ht n Table: 
C V ltmeter - West n M el 45 N 2961 
Inai e P~aaure Gauae - US Gau e C mp ny 10544 
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EXPERI MENTAL PROCEDURE 
The operatinp orocedure for the nlasma renerator 1s a s 
follows: The cooling water was turned on and allowed to 
reach steadv state. The circuit breakers in the electrical 
system were then checked and closed. Then, the argon 
throttle valve was opened and a large flow rate was obtained. 
At this same time the final switch on the motor generator 
panel was closed and a small cooper wire was inserted across 
the anode-cathode pan. The tremendous current vaporized the 
copper wire and the vortex action of the argon sustained the 
initiated arc by continually moving it around the nozzle. 
The argon flow rate was then decreased until stable opera-
tion could continue with the lowest nossible flow rate to 
conserve argon. 
The operating characteristics of the generator were 
then determined by recording the following data: arc 
voltage, arc current, line voltage, pressure upstream from 
orifice, Pressure differential across orifice, pressure 1n 
housing, pressure in vortex generator, and cathode and 
nozzle cooling water flow rates. 
The indenendent variables such as cathode-anode p,an 
length, ballast resistance and argon line nressure we re also 
recorded. 
For each run the ballast resistance was held constant 
at one of four values as illustrated in the appendix. The 
21 
optimum settings for the cathode-anode gap and the arpon line 
pressure were determined in earlier runs and will be consid-
ered, as nreviously stated, to be constant values. 
The temperature distribution was determined by the 
following procedure. After reaching steady state the thermo-
couple readings at each axial interval and each angular 
nosition were recorded. The probe thermocouple was then 
progressed at accurate intervals toward the nozzle exit. At 
each 0.250 inch a reading was taken. Starting at the 
enclosure exit and at each 1 inch thereafter the cross 
section readings were taken; obtaining in one run both an 
axial temperature distribution and a cross section temnera-
ture distribution. 
Owing to the ultraviolet radiation one had to use 
number 10 welders' glasses in order to view the jet, even 
with the enclosure in position. 
22 
SYNTHESIS OF DATA 
A comulete energv balance was performed on the nlasMa 
generator by equatinp the ener~y in due to the innut power 
plus the enthalpy of the argon to the energy lost to the 
cooling water plus the energy lost by the flame itself. Us-
ing the net energy to the flame divided by the mass flow rate 
of argon the stagnation enthalpy of the jet at the nozzle 
exit was obtained. The temperature of the jet at the anode 
nozzle exit was then found from an enthaloy-temperature 
graph for argon. 
The temperature at a radial distance of 1 inch from the 
jet was measured bv the embedded thermocouples in the en-
closure. The measurements were made axiallv over its entire 
length of 3.5 inches. At each pre-chosen axial oosition, 
three different temperatures were read at different an~ular 
positions. The average of these temPeratures was plotted 
versus their respective axial distance as shown in Figure 11. 
From Figure 11 it can be seen that the temoerature of the 
enclosure increases out to a distance of approximately 1.5 
inches and then decreases sliphtly out to the end of the 
enclosure. 
During operation it was observed that the second row 
of thermocouples from the exit heated uo first but did not 
necessarily remain at the highest temperature. It was also 
observed that the length of the jet though somewhat varvinp 
was approximately 1.5 inches in length. 
23 
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Figure ll. Temnerature Distribution of Enclosure 
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The temperature dovm the center of the enclosure Has 
obtained bv a stagnation nrobe which was slowlv moved toward 
the flame until the temperature became so great so as to 
melt the probe. This was approximately 3500°F. From the 
plasma generator energv balance the temperature of the flame 
at the nozzle exit was found. The temperatures between this 
temperature and the last temperature measured bv the stapna-
tion probe before it melted were then estimated by assuming 
a straight line distribution between the two. These values 
may be seen in Table V while the temnerature distribution is 
shown in Figure 10. It might be pointed out here that this 
temperature distribution will be used in the radiation 
energy balance. 
Bv observing Figure 11 and Table IV, and because of the 
flow movement of the argon it is safe to assume that during 
the first 1.5 inches of the enclosure, heat exchange occurs 
primarily by thermal radiation. With this assumntion 1n 
mind another energv balance was made by assuminp that the 
energy leaving the jet went either to the enclosure or was 
lost out the end. 
The enerr.v leaving the iet was calculated to be: 
Q = enerpv (Btu/hr) 
M = argon flow rate (lb/hr) 
Cp= specific heat (Btu/lb°F) 
4 i' = difference in temp of the flame from exit to end 
The net energy exchange, bv radiation, from the jet to the 
surroundings needed to be calculated in manv narts, these 
are: 
Case I Energy exchange between the nozzle exit and 
the copper enclosure 
Case II Energv exchange between the nozzle exit and 
the end of the enclosure 
Case III Energy exchange between the copper enclosure 
and the end of the enclosure 
Case IV Energy exchange between the jet and the 
copper enclosure 
Case V Energy exchange between the jet and the end 
of the enclosure 
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In order to calculate the above energy exchanges by an 
integrated solution, both the jet and the copper enclosure 
were broken into sections .1 inch wide. Since the flame 
thickness fluctuated greatlv an average diameter was chosen 
to be 1/4 inch as this was the diameter of the nozzle exit. 
= energy exchange between the nozzle exit and the 
surroundings. 
E2 = energy exchange between one section of the flame 
.1 inch long and 1/4 inch in diameter to the 
surroundings. 
To account for the net energy exchanr,e between the nozzle 
exit and the surroundings, the following equation was used. 
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+~~~F.; Ac: T£ 1 
E1 = net energy from exit (Btu/hr) 
cr' = Stefan Bol tzman Constant 
AH = Area of hole (ft2) 
F1 = shape factor (hole to cooper) 
€g = emissivity of argon 
F2 = shape factor (hole to exit) 
TJ = temoerature of jet ( 0 R) 
F3 = shape factor (copper to exit) 
€c = emissivity of copper 
TE = temperature of enclosure 
The shape factors for each case will now be shown. 
CASE I - Energy Exchange Between the Nozzle Exit and the 
Copper Enclosure 
The shape factor from the nozzle exit to the cooper enclosure 
was different for each copper band; therefore, the distance 












dA = 2drdf 
where r = 1 inch 
)( 1{.1 t+xz. F, = 71 0 _/_f'_X_z_ 
0-/x 
CASE II - Energy Exchanpe Between the Nozzle Exit and the 
End of the Enclosure 
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The shape factor from the nozzle exit to the end can be 
thought of as a small disk radiatinp to a larger disk and 1s 
given in Krieth (8) to be 
rz 
r = radius of exit 
L = distance from hole to exit 
therefore 
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I Fzz =- ::: 0 .. 308 /-1-Z.Z.S 
CASE III - Enerpy Exchange Between the Copner Enclosure and 
the End of the Enclosure 
The shape factor from the copner to the end was calcu-











Co:s (}52 = /Lz + f'-z 
l'z =- L 2-+ f'-z 
This integrates to 
-f _J_. _, I 7-1'7 -L 
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where L = 1.5 - x 
Although E2 had to be calculated for each section of 
the flame, it will suffice here to illustrate it onlv once. 
To account for the net energy exchange between the iet and 
the surroundings~ the following equation was used. 
E2 = 
A· = J 
F4 = 
Fs = 
E;=-fJ'A7 /;(c,TJ_,- €c T£ 41) 
+ ~,~J=SA7 TJ~ 
+tca-F;AcT£ 1 
net energy from one section of the flame 
area of jet 
shape factor (jet to conner) 
shape factor (jet to exit) 
CASE IV - Energy Exchange Between the Jet and the Conner 
Enclosure 






_ 1_ (_cos ~ cos<Ziz 
'17' )A 1"2. dA 
I 
Cos {!5, :::-cos ¢~ ::::- :===::. 
/1-+ xz 
277 ,.- df 
£: . I 
'1 =- -~-'2-(._/_f_X_z)_z_ 
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CASE V - Energy Exchange Between the Jet and the End of the 
Enclosure 
The shape factor from a section of the flame to the 









dA - ed<f'dE> 
-% (/. 5- x) -h _ 1 J -'- _, I ~.::: -+ /cr'7 - ;•;, ---.,....-
.:1'" I-f (/.s-x)z /.5'-X /:Z-Sx 
The aforementioned thermal energy balance of 
r6 
+ £_ E;_ 
17::o 
was performed and the net energy for a ballast setting of 1.1 
ohms is as follows 
£rot. I = /V1 Cp Ll T 
=- /6710 Bl-~, 
In accountinp for radiation in this manner it must be 
pointed out that energy lost in any form except thermal 
radiation or energy lost to the transite facenlate and 
through the transite enclosures was considered to be 
negli12ible. 
In order to perform the energy balance certain values 


















Total Pressure = 1 atm 
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TemDerature, °K x 10-3 
Calculated Thermal Ionization for Arp.on from Saha Equation 





read from Fipure 10. Followinp the aforementioned analvtical 
procedure all but 2090 Btu/hr of the enerpv was accounted 
for. From the previous nresentation it can be seen that the 
experimental data is in fairlv good correlation with the 
theoretical values. The deviation is 12.5%. 
As mentioned in the introduction "The gas temperature 
of a low pressure arc is never more than a fetv hundred de-
grees while the electron temperature mav be as high as 
40,000°K." It should be pointed out here and can be readilv 
seen in Fipure 16 that thermal ionization of ar~on does not 
occur until after anproximately 15,000°R (approximately 
8300°K); therefore, it is fairly safe to assume that the 
amount of ionization that occurred was comParatively small. 
However, before the actual experiment was comPleted, it 
was the intention of the author to determine the relation-
ship between the temPerature and the Per cent of ionization 
of the gas. Because of this, much theoretical research was 
done and it was found that in the case of thermal equilibrium 
the Saha ( 6) equation \-Jould hold with verv little error. 
With this in mind and using the Saha equation tables 
(4) shown in Table I for argon one can readily see that 
since the hip,hest temPerature achieved in this study was 
11,100°R, onlY a small amount of ionization occurred. 
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CONCLUSIONS AND Rl:C OMMENDATIONS 
As mentioned before, a straight line internolation was 
assumed between the last measured flame temperature and the 
temperature of the ~et at the nozzle exit. Based on energv 
considerations the assumed distribution was oroven to be 
accurate within 12.5%. Figure 11, the temperature distribu-
tion of the enclosure, clearly shows that the ma~or nortion 
of the heat transfer in the first 1.5 inches is bv radiation. 
The accuracy could have been improved if the energy which 
was considered negligible, namely that lost through the 
transite and from the faceplate would have been taken into 
consideration. The results clearly illustrate the effective-
ness of the method used. 
A very interesting phenomenon should be mentioned at 
this ooint. As can be seen in Figure 1, the gas which enters 
the generator housing has to pass throu~h the very narrow 
tangential slits before it can pass out the nozzle. 
Now by writing 
one can realize that as the velocity of the gas through the 
small slits increases t he pressure decreases but such was not 
the case with the olasma iet in question. This can be ex-
nlained partly, however, in two parts: First, the pressure 
in the vortex chamber is orobably close to a stagnation 
pressure while the pressure iust unstream in the ~enerator 
housing is nrobablv a static nressure. Second, the heat 
from the arc in the vortex section heats the gas thus 
causing the pressure of the inside to be hipher than that 
of the gas in the housing. How much effect the heat 
actuallv has is unknown and would probablv pose enough 
of a problem to suffice as a thesis project in itself. 
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The present nlasma generator facilitv in the Mechanical 
Engineering Laboratory has tremendous research capability, 
but for this potential to become a realitv it is generally 
recommended: 
1) Refinement of Instrumentation. 
a) Two recording potentiometers, one of low scale 
0 to 5 mv, one of high scale 0 to 30 mv. 
b) Vacuum pump capable of large volumes at relative-
ly low vacuums. 
c) Vacuum housing l.n which to exit the p:as. 
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APPENDIX 
(Upstream Pressure x Pressure 9~fferentia1> 112 (psia x in H2o>l 
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Figure 19. Nozzle Rotameter Calibration Curve 
TABLE I 
Thermal Ionization of Argon 
1 mole of ~as eouilibrated to 1 atmosnhere total nressure 
















































Cathode Nozzle Cathode Nozzle Unstream Orifice 
Run Cooling Cooling AT AT Pressure Pressure 
{lb/hr) ( lb/hr) (OR) (OR) {osia) {in H20) 
D-1 316 1820 3.9 5. 3 19.27 4.0 
D-2 325 1870 4.0 5.9 19.3 4.0 
D-3 323 1860 4.3 6.6 19.3 3.9 
D-4 325 1870 3.9 7.7 19.8 3.8 
D-5 327 1890 3.4 9.2 26.0 6.4 
Arc Arc Arc External Housinp Vortex 
Run Voltage Current Gap Resistence Pressure Pressure 
(volts) (amps) (inches) (ohms) (osia) (nsia) 
D-1 52.8 170 1. 53 1.1 17.77 18.1 
D-2 51.0 182 1.53 1.0 17.8 18.1 
D-3 46.5 209 1.53 0.9 17.8 18.1 
D-4 52.0 230 1.53 o.a 18.4 18.7 




















































































Ballast Ballast Ballast 
at at at 
1.1 ohms 1. 0 ohms 0.9 ohms 
969 1022 1025 
1297 12 36 1243 
1322 1257 1264 
1335 1270 1277 
1347 1280 1287 
135 8 1291 1296 
1368 1300 1305 
1376 1310 1316 
1385 1318 1323 
1391 1326 1332 
1396 1333 1338 
1399 1338 1344 
1400 1343 1349 
1400 1346 1351 
1400 1348 1354 

























inches 1.1 ohms 
0 8900 
.1 8360 
• 2 7860 
• 3 7360 
.4 6810 
• 5 6310 
• 6 5 760 
• 7 5210 
• 8 4700 














































2910 30 35 
2710 2850 
2520 2660 
PLASMA JET TEMPERATURE DISTRibUTION FOR FLAME 
DIMENSION TMPE(30l,SHFH(300), SHFR(300) 
READ 100,(TMPE(J),J= 1 ,16) 
R E AD 10 1 , A , G , C , D, E 
X=O.O 
DO 5 J=1,15 
P=-( 1.5-X)I( 1.+( 1.5-X)>:<>:<2)+ATANF( 1.01( 1.5-X)) 
R = ( 1 • 5 -X ) I ( 8 • + H • 0 * ( 1 • 5- X ) ':";: 2 ) -AT AN F ( 1 • 0 I ( 8 • 0 ~<( l • 5-X ) l ) 
SHFR(J}=R +P 
PRINT 20 2, SHt=R (J},X 
5 X=X+O.l 
X=X-1.6 
DO 12 1=1,16 
READ 100,TJ 
DO 10 J=l,16 
S H F H ( J ) = 0. 1 I ( ( ( 1. 0 + ( X** 2 I 144. 0 ) ) ** 2 ) * 7 2 • 0) 
PRINT 202,SHF~(J),X 
10 X=X+0 .1 
H=A >::O 
Z=O.O 
B=G>:'( ( TJI 23 0 0 0.0)':<;::3.2) 
DO 20 J=l, 16 
Y=SHFH(Jl*H* I B*TJ**4- C* TMPE(J)**4) 
20 Z=Z+Y 
S=O. O 




DO 40 J= 1, 1"5 




12 X=X-1~7 _ _ 
100 FORMAT (E18.8) 
10 1 FORMA T (7 E 10.5) 
20 1 FO RMAT 14El8.8 ) 






















List of Symbols for Computer Program 
"PLASMA ~rET DI STRI BUTI ON FOR FLAME" 
Stefan Boltzman Constant 
Emissivity of argon 
Emissivity of copner 
Surface area of 0.1 inch width of flame 
Surface area of 0.1 inch band of cooper 
Constant used in eMissivity of arp,on 
Total energy fX'om jet to the end 
Total energy from copper to the end 
Shape factoX' for jet to copper 
Shape factor for eo'J)per to end 
Total net energy fX'om jet to surX'Oundings 
TempeX'ature of the enclosure 
Temperature of the jet 
Energy from one section of the jet to the end 
Energy from one ban,d of copper to the end 
Distance from nozzle exit lonf',itudinally out 
Net enerP.v between jet and one band of conner 
Total energy between jet and cooper 
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PLASMA JET TEMPERATURE DISTRibUTION FOR NOZZLE EXIT 
DIMENSION TMPE(30),SHFH(30),SHFR(30l 
READ lOO,(TMPE(J),J=1 9 16) 
READ 101,A,B,C,O,E,F,TJ 
x=o.o 
DO 10 J=1,15 
SHF H ( J ) = ( 0. 1 *X I 12. 0 ) I ( ( ( 1. 0 + ( X>:'* 2 I 144. 0) ) ** 2 ) *7 2. 0 ) 
P=-( 1.5-X)/( 1.0+( 1.5-Xl**2)+ATANF( 1.0/( 1.5-Xl) 










DO 30 J=l,l5 
V=C*A*E*SHFR(Jl*TMPE(J)**4 
30 S=S+V 




101 FORMATI7 El0.5) 























List of Svmbols for Comnuter Propram 
"PLASMA JET DISTRIBUTION fOR NOZZLE EXIT" 
Stefan Boltzman Constant 
Emissivity of arron for known ;et temnerature 
Emissivitv of conper 
Surface area of nozzle exit 
Surface area of 0.1 inch band of conner 
Shane factor for the nozzle exit to the end 
Total enerp.y from copper to the end 
Shape factor for jet to cooper 
Shape factor for ~et to end 
Total net energy from ;et to surroundinp.s 
Temperature of the enclosure 
Temperature of jet at nozzle exit 
Enerrv from one section of jet to the end 
Enerp.v from one band of cooper to the end 
Distance from nozzle exit longitudinallv out 
Net energy between jet and one band of conner 
Total enerpv between jet and copper 
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